Subcutaneous panniculitis-like T-cell lymphoma (SPTL-AB) and cutaneous gamma/delta T-cell lymphoma (CGD-TCL) are rare cutaneous T-cell lymphomas for which no standard treatment exists. We report our experience with bexarotene, an oral retinoid, in 15 adults and children with these disorders. In this series, we found a 77% overall response rate of bexarotene with limited toxicity for these disorders.
Introduction
Subcutaneous panniculitis-like T-cell lymphoma (SPTL-AB), first described by Gonzalez et al, is a T-cell lymphoma with clinicopathologic features simulating a panniculitis. In its initial description, it was also associated with hemophagocytic syndrome (HPS) and an aggressive clinical course. 1 The disease has been recognized as a distinct disorder in the World Health Organization (WHO) classification and was subdivided into two entities in the updated 2008 WHO classification based on the phenotype of the T-cell receptor α/β (SPTL-AB) or γ/δ (cutaneous gamma/delta T-cell lymphoma [CGD-TCL]) with different clinical courses, phenotypes, and prognoses. [2] [3] [4] SPTL-AB and CGD-TCL are both cytotoxic, postthymic T-cell neoplasms that are characterized by the presence of primarily subcutaneous infiltrates of small, medium-sized, or large pleomorphic T cells and can histologically mimic nonspecific panniculitis or lobar panniculitis. 5 As discussed in a worldwide retrospective analysis, SPTL-AB and CGD-TCL are rare disorders respectively accounting for 0.9% and 0.1% of all T-cell lymphomas. 5, 6 .
SPTL-AB and CGD-TCL are primarily disorders of adults with average ages of diagnosis in the mid to late 30s and late 50s, respectively. Only rare cases have been reported in children. 7 Both SPTL-AB and CGD-TCL have a female predominance with a male to female ratio of 0.5. 8 Patients generally present with solitary or multiple nodules and erythematous plaques that predominantly affect the lower extremities and trunk but can also occur on the face, neck, and back. 9 Cutaneous findings may occur in the context of systemic symptoms such as fevers, malaise, anorexia, and weight loss. Spontaneous regression may occur in rare cases. 8 The distinction was made between the two phenotypes because they correlate to distinct clinical courses with CGD-TCL usually correlating with an aggressive course and SPTL-AB having a much more variable course. Patients with CGD-TCL have a high rate of development of HPS (50%) and have a poorer prognosis (17% 5-year overall survival); whereas, those with SPTL-AB rarely develop HPS and have a better prognosis as mortality from HPS itself is high. 8, 10 In comparison to SPTL-AB, which is associated with only subcutaneous disease and nonulcerating lesions, CGD-CTL lesions tend to ulcerate in addition to their subcutaneous involvement. 8 Extracutaneous involvement is uncommon, although there have been reports of bone marrow, lymph node, liver, spleen, lung, and peripheral blood involvement. 8, [11] [12] [13] [14] [15] [16] [17] Extracutaneous involvement occurs with a higher frequency in CGD-TCL. 8, 16 Because SPTL-AB and CGD-TCL are rare disorders, optimal treatment modalities remain undefined. For indolent or localized disease, systemic steroids and radiation have been used. In patients with more aggressive disease, combination chemotherapy regimens are frequently used, such as CHOP (cyclophosphamide, adriamycin, vincristine, prednisone), other anthracycline-based regimens, fludarabine-based regimens, and, rarely, high-dose chemotherapy followed by hematopoietic stem cell transplant (SCT) with moderate success. 18 In a review of 156 patients with SPTL-AB and CGD-TCL, Go and Wester reported a 50% overall response rate (ORR) with steroids; however, the duration of response was less than 6 months for most patients. Only 20% of these patients maintained a sustained remission with prednisone, ranging from 18 to 160 months (median, 36.5 months). Additionally, it was reported that combination chemotherapy resulted in a 53% ORR with 17 of 20 responses occurring after use of CHOP. 18 However, responses to combination chemotherapy were often short-lived, ranging from 2 months to 72 months. 18 Additionally, Go and Wester reported that 13 patients who had recurrent or refractory disease were treated with high-dose chemotherapy followed by SCT (12 autologous, 1 allogeneic allogeneic). Ninety-two percent of these patients (n = 12/13), including the patient treated with allogenic SCT, achieved a complete remission (CR) with a median duration of >14 months at last follow-up examination. 12, 18 In a recent report of the limited experience in children (n = 18), 7 most patients had been treated with CHOP or CHOP-like chemotherapy (n = 10), which was associated with five CRs, three deaths from disease or sepsis, one relapse within 2 months of therapy, and one unknown outcome (lost to follow-up). Two patients were treated with cyclosporine and steroids, of which one died of HPS and the other achieved a CR. Two patients were treated with steroids alone with one CR and one death from sepsis. Four pediatric patients have had SCT (3 allogeneic and 1 autologous) for SPTL-AB and CGD-TCL, all of whom have achieved CR. 7 In addition to chemotherapy and SCT, there are limited data with biologic treatments for SPTL-AB and CGD-TCL. Case reports describe durable responses with denileukin diftitox in cases of SPTL-AB. 19, 20, 21 Interferon-α is also reported to be active in refractory SPTL-AB. 18 Retinoids are biologically active derivatives of vitamin A that are involved in the regulation of cell differentiation, proliferation, and apoptosis. Bexarotene (Targretin) is an oral retinoid that has been well-studied and approved for the treatment of mycosis fungoides and is used in the treatment of other cutaneous T-cell lymphomas 22, 23 and lymphomatoid papulosis. 24 Bexarotene is a selective retinoid X receptor agonist that inhibits cell cycle progression, induces apoptosis and differentiation, prevents multidrug resistance, and inhibits angiogenesis and metastasis. 25 It is believed that bexarotene's primary action is through inducing apopotosis of T-cells. 26 A recent study of the use of bexarotene in advanced cutaneous T-cell lymphoma (mycosis fungoides, N = 40; and Sézary syndrome, N = 26) showed a 44% ORR with 9% CR, and a median duration of response of 8 months (range, 1 month to ≥ 48 months). 21 In this retrospective review, we report our experience treating 15 patients, including 3 children, with SPTL-AB and CGD-TCL with bexarotene.
Patients and Methods
The Memorial Sloan-Kettering Cancer Center lymphoma database, the Stanford University Cancer Center Registry, and the National Institutes of Heath (NIH) Cancer Center Registry were searched for all patients with SPTL-AB or CGD-TCL who were treated with bexarotene between 2000 and 2010. Data were collected regarding patients' age at diagnosis, date of diagnosis, findings on histopathology, involved sites of the skin and other sites of involvement, prior therapies, response to therapy, duration of response, last followup, and date of death. Responses were evaluated and reported by the treating physician.
Bexarotene was initially started at 75 to 150 mg daily and was increased approximately every 2 weeks to a target dosage of 300 mg/m 2 /d, until clinical response or intolerance. Patients were evaluated as needed based on response and tolerance to treatment and thyroid function tests and lipid panels were obtained on a bimonthly to monthly basis. Most patients were administered triglyceride-lowering agents prophylactically for hypertriglyceridemia secondary to bexarotene and were administered levothyroxine when free T4 decreased to below normal levels or when patients developed symptoms consistent with hypothyroidism with low/normal free T4 levels. Those who required levothyroxine after initiating bexarotene were defined as having hypothyroidism secondary to bexarotene. Data are included from the initiation of treatment with bexarotene until last follow-up examination or July 2010. CR was defined as resolution of all skin lesions and/or radiographic evidence of disease on positron-emission tomography/computed tomography (PET/CT). Duration of best response was defined as time from initial documentation of maximal response to the time of documentation of progression. Progression-free survival (PFS) was defined as the time from initiation of treatment to the time of documentation of progression or last follow-up examination. Descriptive statistics were used for baseline patient characteristics. Kaplan-Meier analysis was performed using SPSS software (IBM SPSS Statistics, Version 19, Armonk, NY: 2010).
Results
Twelve adult patients, 5 females and 7 males, and 3 pediatric patients, all of whom were female, with SPTL-AB or CGD-TCL were identified ( Table 1 ). The median age was 45 years (range, 3 years to 81 years). Routine analysis for beta F1 and gamma/delta expression was not available for all patients and some tissues were not readily accessible for re-review. Two were documented to have known gamma/delta T-cell phenotype (negative beta F1) consistent with CGD-TCL. Four had documented SPTL-AB; all others were presumed to have SPTL-AB. Based on Ann Arbor staging criteria, all patients had stage IV disease at time of diagnosis. Fourteen of 15 patients had only subcutaneous disease. One patient showed retroperitoneal lymphadenopathy, which demonstrated fluorodeoxyglucose avidity on PET/CT, but a biopsy was not performed. None of our patients had demonstrated HPS. Seven adult patients received bexarotene as their initial treatment; four adults were refractory to prednisone, one adult had relapsed after CHOP and failed interferon-α. Two of the three children were treated with bexarotene as maintenance therapy after achieving CR on CHOP; one child had a second local relapse after CHOP, then ifosfamide, carboplatin, etoposide, and SCT, and was treated with bexarotene thereafter. Two patients were treated with bexarotene in combination with denileukin diftitox. One patient had not been able to tolerate his initial dose of bexarotene and was categorized as a nonresponder. Bexarotene was generally administered at flat doses with median daily dose of 300 mg (range, 75 mg to 675 mg; 91 mg/m 2 to 339 mg/m 2 ). Median duration of therapy was 10.5 months (range, 2.9 months to 38.5 months). At the time of analysis, three patients were still receiving bexarotene.
Responses were primarily based on the clinical assessment of the physician, and PET scans were used in two cases to document response. Among those treated with bexarotene alone, the ORR was 82% (9/11) with CR in 55% (6/11). The ORR for all evaluable patients in this series was 77% (n = 10/13) with 54% CR (n = 7/13) and 23% partial response (PR; n = 3/13). Two patients received bexarotene as maintenance therapy and were not evaluable for response and were not included in the survival curves. Of these 13, 2 patients were treated with bexarotene and denileukin diftitox concurrently; one patient achieved CR and the other progressed on therapy. Notably, all three pediatric patients achieved or maintained CR. The median duration of response in all patients was 26.3 months. Among complete responders, the median duration of response was 41.5 months (range, 4.1 months to 57.8 months). In contrast, partial responders had a median duration of response of 5.9 months (range: 1.3 to 10.5 months). The one child treated with bexarotene after relapse had a 41.5-month duration of response and remains in CR. The other two children also maintained CR with adjuvant treatment with bexarotene. Additionally, both patients with CGD-TCL responded (one PR, one CR), but with relapse at 1.3 months and 4.2 months, respectively. Among patients without documented CGD-TCL phenotype, the response rate was 73%. Based on Kaplan-Meier analysis, median PFS on bexarotene was 38.4 months for the entire cohort. Survival curves for PFS and overall survival are shown in Figures 1 and 2 .
Nine of the 15 patients achieved or maintained responses with doses less than 300 mg/m 2 . Two adults who achieved CR only received low doses of bexarotene, less than 225 mg, which corresponded to 91.5 mg/m 2 and 98.6 mg/m 2 . Among children, the median dose used was 130 mg/m 2 (range, 119 mg/m 2 to 309 mg/m 2 ).
At the time the data were collected, three patients remained on therapy, four had stopped in CR, and three had stopped after either relapse or progression of disease. One of the three who stopped after relapse had initially achieved CR on combination bexarotene with denileukin diftitox and remained on therapy until relapse. One additional patient discontinued bexarotene within 2 weeks secondary to poor performance status and was categorized as a nonresponder. Of the patients who were on therapy at the time data were collected, one had achieved PR and two had achieved CR. Of the four patients who stopped in CR, two patients had relapses at 3.3 months and 36.8 months after discontinuation of bexarotene. These two patients were on bexarotene for 38.4 months and 27.0 months, respectively. The other two patients remained in CR at 57.8 months and 91.7 months, respectively.
The most common toxicities on bexarotene were central hypothyroidism (n = 6) and hypertriglyceridemia (n = 9) with most patients receiving prophylactic lipid-lowering agents. In the pediatric cases, patients developed hyperlipidemia (n = 2), hypothyroidism (n = 1), and insulin-dependent diabetes mellitus (n = 1) after starting bexarotene. In all patients, toxicities occurred at a median of 4 weeks after the initiation of treatment. One adult patient required dose reduction secondary to severe hyperlipidemia, and one pediatric patient required discontinuation of bexarotene secondary to hypertriglyceridemia.
Another pediatric patient required dose reduction secondary to pill aversion. Additionally, one pediatric patient developed insulin-dependent diabetes mellitus while on bexarotene. There are no published reports of bexarotene causing insulin-dependent diabetes mellitus. The diabetes persisted after discontinuation of bexarotene.
Of the 15 patients studied, there were 3 pediatric cases with median age of 4.9 years (range, 3.5 years to 14.8 years). Two patients had localized skin-only disease and one patient had concomitant lymph node involvement. All 3 patients were female, 2 were documented to have alpha/beta disease, and the third's phenotype could not be determined. In 2 of the 3 cases, bexarotene was used as maintenance therapy after achieving a CR on CHOP. The other patient relapsed after CHOP and autologous SCT and was treated with bexarotene subsequently; this patient achieved CR, which was maintained at 41.5 months of treatment. The median dose in children was 150 mg or 130.4 mg/m 2 /d.
Discussion
SPTL-AB and CGD-TCL are rare disorders that can have a variable clinical course for which standard treatment has not been established. Studies, primarily in the form of case reports and series, have shown varied responses to therapies and frequent difficulties in maintaining responses. Most of the literature regarding treatment of SPTL-AB and CGD-TCL involved chemotherapy. The largest series of patients with SPTL-AB was published by Go and Wester and included 156 patients; this series showed an approximately 53% response rate to combination chemotherapy. 18 In the series by Ghobrial et al, the ORR to CHOP was 53%. 12 Among patients who had progressive disease despite chemotherapy, median survival was only 7 months. Among 5 patients who underwent SCT (three autologous, two allogeneic), 3 achieved CR. 12 Other case reports also describe successful outcomes with allogeneic SCT. 27 In case studies, treatment with denileukin diftitox has also shown durable responses in SPTL-AB and CGD-TCL. 19, 21 Hathaway et al reported two cases of SPTL-AB showing response to denileukin diftitox with durations of response of 6 months and ≥ 18 months. 19 McGinnis et al similarly reported one case of SPTL-AB with a 9-month duration of response to denileukin diftitox. 21 Prior studies of bexarotene in mycosis fungoides have shown a dose response relationship with an ORR of approximately 45% at 300 mg/m 2 . 21, 28 Our series extends an experience previously presented in abstract form. 29 In our series, bexarotene was associated with an 77% overall response in SPTL-AB and CGD-TCL, with 54% showing CR and 23% showing PR. In addition, several patients had durable responses of 56.6, 57.8, and 91.7 months. The median duration of response was 26.2 months and PFS was 38.4 months. Among those who achieved CR, the median duration of response was 36.4 months. Although most patients received standard doses of bexarotene, responses were also seen with low-dose bexarotene (eg, 91.5 mg/m 2 /d and 98.6 mg/m 2 /d).
The most common toxicities noted with bexarotene are similar to those observed in patients with other types of cutaneous T-cell lymphomas including hypothyroidism and hypertriglyceridemia. 22, 23, 24, 30 Most patients who developed toxicity to bexarotene were able to be treated with medical management alone. Of note, 1 pediatric patient developed insulin-dependent diabetes while on bexarotene which has not previously been reported and persisted after discontinuation of the drug.
Three patients in this series underwent SCT after bexarotene. Two received an allogeneic SCT and, of them, 1 remains in CR whereas the other died secondary to transplantassociated infectious complications. The third patient, who relapsed after achieving PR on bexarotene, later achieved CR with an autologous SCT. Two of the 3 patients who underwent SCT had the CGD-TCL subtype.
In the pediatric population, we present the first known use of bexarotene for SPTL-AB. All 3 children achieved or maintained a CR on bexarotene. One of these patients had relapsed after autologous bone marrow transplant; the other 2 patients were treated with bexarotene maintenance therapy after CR with CHOP-like chemotherapy. In patients who received bexarotene as maintenance after remission to chemotherapy, the effect of bexarotene alone cannot be ascertained.
In this series, we found significant and often durable responses with oral bexarotene in patients with presumed SPTL-AB. The 2 patients with documentation of the more aggressive CGD-TCL had achieved CR and PR on bexarotene with denileukin diftitox and bexarotene alone, respectively; however, both progressed in less than 4 months. Among the other patients, sustained CRs were seen even with low-dose bexarotene. In patients who achieved CR, bexarotene was continued for 3.2 to 38.4 months (median, 20.3 months) without cumulative toxicity and continued maintenance may be preferred for those with multiply relapsed or refractory disease as long as tolerance is acceptable. In those receiving bexarotene as initial therapy, 4 stopped treatment in CR; however, relapses were seen in 2 of the 4 patients at 4.1 to 56.6 months (median, 6.4 months). Two patients remained in CR off therapy at 57.8 months and 91.7 months, respectively.
Further studies must be conducted to evaluate the optimal dose and duration of therapy with bexarotene in these disorders. Considering that relapses were observed after discontinuation and treatment was well tolerated, alternate dosing strategies could include uniform treatment until progression, or dose reduction or tapering once response is obtained. Evaluation of response rate at retreatment is also not adequately evaluated in this series. Because this study was retrospective, not all cases had been phenotyped as having either SPTL-AB or CGD-TCL and further information regarding their status could not be ascertained. Certainly future prospective studies would need to stratify based on T-cell receptor phenotype as we now understand that these are distinct entities with different prognoses. Further studies are also needed to further elucidate how bexarotene compares to other treatments for SPTL-AB and CGD-TCL as well as to define its optimal use as a single agent or in combination. Additionally, our patients did not demonstrate HPS and had primarily SPTL-AB; therefore, it remains unclear whether bexarotene has efficacy in patients with more aggressive features such as HPS or CGD-TCL. However, this series shows that bexarotene may represent a less toxic alternative to chemotherapy that can result in durable disease control in both adults and children with SPTL-AB. 
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